Background: Multiple medical organizations recommend using life expectancy (LE) to individualize diabetes care goals. We compare the performance of patient LE predictions made by physicians to LE predictions from a simulation model (the Chicago model) in a cohort of older diabetic patients. Design: Retrospective cohort study of a convenience sample (n = 447) of diabetes patients over 65 years and their physicians. Measurements: Physicians provided LE estimates for individual patients during a baseline survey (2000)(2001)(2002)(2003). The prognostic model included a comprehensive geriatric type 2 diabetes simulation model (the Chicago model) and combinations of the physician estimate and the Chicago model (''And,'' ''Or,'' and ''Average'' models). Observed survival was determined based on the National Death Index through 31 December 2010. The predictive accuracy of LE predictions was assessed using c-statistic for 5-year mortality; Harrell's c-statistic, and Integrated Brier score for overall survival. Results: The patient cohort had a
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Recognizing the need to individualize diabetes care, multiple medical organizations have recommended using life expectancy (LE) as an approach to selecting optimal glycemic targets for elderly patients. In 2003, an American Geriatrics Society/ California Healthcare Foundation panel issued one of the earliest guidelines recommending the use of LE to guide individualization of diabetes care in older patients. 10 They recommended that patients with limited LE (5 years or less) to live should strive for moderate glucose control (HbA 1C \8%), while patients with greater LE should pursue more intensive goals, as observable benefits require 9 years of ongoing intensive glucose control. 5 In 2012, the European Association for the Study of Diabetes and the American Diabetes Association both recommended an individualized approach to selecting glucose control targets based on variables such as decreasing LE, increasing cognitive and functional impairment, and frailty. 11, 12 While multiple guidelines now advise using LE in making medical decisions, carrying out this recommendation in practice is both ethically controversial and technically challenging. Physicians and patients can provide LE estimates, but prior studies on LE estimation have often found that both physicians and patients are generally overly optimistic. [13] [14] [15] [16] [17] [18] [19] In an effort to systematically generate LE predictions, we created a simulation model for older patients with type 2 diabetes, the ''Chicago model,'' that produces estimates of patient LE and the risk of complications. While a number of mortality prediction models are available, 20 the present study aimed to externally validate the prognostic accuracy of the Chicago model compared with the status quo of prognostication: the physician's judgment. We compare the accuracy of predictions of patients' LE (5-year mortality and overall survival) estimated by the Chicago model, the patient's physician, and several combinations of these estimates in a cohort of older patients with diabetes.
METHODS

Patient Cohort
Patients with diabetes age 65 and older were enrolled in a study of treatment preferences and goals between December 2000 and January 2003 as previously described. 21 Eligible patients were identified before visiting a University of Chicago internal medicine, geriatrics, or endocrinology clinic. Of 1,067 potential participants telephoned, 694 answered and 607 agreed to participate. Fifty-two patients were no-shows, leaving 555 who were surveyed (80% of approached patients). Of these, 108 were excluded from this analysis if their medical and/or death record was unverifiable (8 patients), LE predictions were missing (94 patients), or they fulfilled multiple exclusion criteria (6 patients 24 a series of integrated diabetes complication models based on the UKPDS cohort, and a 4-year mortality index developed from the Health and Retirement Study. 25 The Chicago model accounts for demographics, functional status, comorbid illness, risk factors, and duration of diabetes. The initial LE for each patient was obtained by running the Chicago model for 1,000 repetitions, and odds of death were multiplied by 2.75 to account for higher background mortality rates in patients with diabetes. 26 The estimated LE was transformed into a binary indicator of limited LE (5 years) if applicable for the analysis.
It is important to note that data on three functional status measures that are integrated into the 4-year mortality index were not collected in the patient survey. Two questions (''Because of a health or memory problem, do you have any difficulty with managing your money-such as paying your bills and keeping track of expenses?'' and ''Because of a health or memory problem, do you have any difficulty with pulling or pushing large objects like a living room chair?'') were approximated with other survey questions (Mini-Mental Status Examination 27 score \17 or diagnosis of dementia and ''How much does your health now limit you in doing moderate activities, such as moving a table, pushing a vacuum cleaner, bowling, or playing golf?''). One question (''Because of a health or memory problem, do you have any difficulty with walking several blocks?'') was omitted because no analogous question existed.
Physician Estimates
For each patient enrolled, a one-page survey was distributed to the patient's physician after the visit. The surveyed physician had to be responsible for the patient's diabetes care and willing to complete the survey for each patient enrolled in the study. Seventy-seven of 79 eligible physicians agreed to complete the survey. After patient exclusions, 63 physicians (10 geriatricians, 38 internists, and 15 endocrinologists) provided estimates. Physicians filled in a blank in response to the question, ''How many years do you estimate that this patient will live?'' Similar to the Chicago model's estimate, this value was either made into a binary indicator for limited LE (5 years) or kept as a continuous value.
Combinations of Physician Estimates and Chicago
Model: The ''And,'' ''Or,'' and ''Average'' Models
We considered three additional methods of generating binary classifications of ''limited LE'' (5 years) to approximate how a physician might interact with a prognostic model in practice to decide whether or not a patient's LE should be considered limited. In these models, estimates by the model and physician are combined according to several different decision rules. These models are referred to as the ''And'' model (both the physician and model predict limited LE), the ''Or'' model (either the physician or model predict limited LE), and the ''Average'' model (limited LE is determined by the mean of the physician and model's estimates). In the ''And'' model, a patient is considered to have limited LE if and only if both the physician and the Chicago model generate LE predictions that are less than or equal to 5 years. In the ''Or'' model, a patient is considered to have limited LE if either the physician or the Chicago model generate an LE prediction that is less than or equal to 5 years. Finally, in the ''Average model,'' the mean of LE estimates from the physician and the Chicago model is generated. If the mean of these estimates is less than or equal to 5 years, the patient is considered to have limited LE. The ''Average model'' also provides a third point estimate of the patient's LE, in addition to the binary classification of limited LE. These categorization schemes are based on how we believe physicians interact with the model or other prognostic information in a real-life clinical setting.
Observed Survival
Observed survival was determined by querying the National Death Index (NDI) from 1 January 2001 to 31 December 2010. Patients' first and last names, birth date, last known state of residency, and last date of contact were submitted to the NDI. All information submitted matched NDI records for 172 subjects (''perfect matches''). Twenty-eight submissions returned as ''partial matches'' due to missing or incorrect information were judged to be matches after comparison to electronic medical records. One additional date of death was identified through electronic medical records.
Statistical Analysis
When assessing the prognostic accuracy of physician and model estimates, we used several different measures depending on the type of predictive estimate; for 5-year mortality (a binary indicator for death at or before 5 years from the date of survey), we calculated sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), receiver-operating characteristic (ROC) curve, and c-statistic. The c-statistic is equivalent to the area under the receiver-operating characteristic curve (AUC), incorporating both sensitivity and specificity (a c-statistic of 0.5 indicates predictive
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value no better than random chance and c-statistic of 1.0 indicates perfect prediction). To evaluate the accuracy of LE estimates overall (survival time), we first censored those who lived at the end of observation period. The observed survival time was compared with predicted estimates from physician and four models using time-dependent ROC curve, 28 Harrell's c-statistic, 29 and integrated Brier score (IBS). 30, 31 Harrell's c-statistic is an adapted c-statistic that accounts for length of survival. The integrated Brier score is an overall measure for the inaccuracy of a prediction model whose value ranges from 0 to 1 (smaller values indicate better performance and a value of 0.25 indicates a lack of discriminatory power). The measure is a weighted average of the squared distance between the observed survival status and the predicted survival probability of a model. Among different evaluation metrics, c-statistic, the most commonly used, was considered as the primary method in this article. All analyses were conducted using R version 3.0.1.
RESULTS
Baseline Characteristics and Properties of LE Estimates
The mean (SD) follow-up period was 8.9 (0.6) years (range = 7.9-10.1 years) for the 447 patients in the study cohort (Table 1) . One hundred eight (24.2%) subjects died at or before 5 years from the date of survey, while 201 (45%) subjects died by the end of the follow-up period. Properties of LE estimates differed by source (Figure 1 ). Physicians predicted the highest average LE of 9.3 (4.8) years, the widest range (0.5-30 years), while the Chicago model had the shortest mean LE prediction (7.3 (3.7) years, range = 1.1-18.6 years). The mean LE Figure 2 for predicted and observed survival curves). The physicians and the Chicago model were not divergent in their overall estimates of 5-year mortality, with the physician guessing correctly 70% of the time to the Chicago model's 68% (Table 2) . For approximately two thirds (66%) of study subjects, the prediction of 5-year mortality generated by the physician and the model were the same (n = 62 for 5-year mortality and n = 232 for LE .5 years), and differed in about a third (34%) of subjects (n = 75 for only the model predicting 5-year mortality and n = 78 for only the physician predicting 5-year mortality). Among 75 study subjects for whom the model predicted 5-year mortality and the physician did not, 31% were deceased at 5 years and 69% were alive. Among 78 study subjects for whom the physician predicted 5-year mortality and the model did not, 37% were deceased at 5 years and 63% were alive.
Predictive Performance for 5-Year Mortality
Properties of predictions by the Chicago model, physicians, and combinations of the Chicago model and physician estimates (''And,'' ''Or,'' ''Average'' models) of 5-year mortality (death by 5 years from date of survey) were calculated ( Table 3 ). The physician and Chicago model estimates performed similarly, with the performance of the ''Average'' model exceeding the Chicago model and physician estimates, as well as the ''And'' and ''Or'' models for 5-year mortality according to the c-statistic, though these estimates (11) had wide confidence intervals and differences were not statistically significant. As expected by the way these models are defined, the ''Or'' model had the highest sensitivity (0.74) and NPV (0.88) but the lowest specificity (0.60), while the ''And'' model had the lowest sensitivity (0.26) and NPV (0.79) but the highest specificity (0.90). The ''And'' model had the lowest (worst) c-statistic for 5-year mortality (0.58), followed by the ''Or'' model (0.67) and the Chicago model (0.68). The c-statistic generated for the physician estimate (0.69) was slightly higher. The ''Average'' model outperformed all of the other models, generating the highest c-statistic (0.73) for 5-year mortality.
Predictive Performance for Overall Survival
Metrics to compare performance of physicians, the Chicago model, and the average of the Chicago model estimate and physician estimate for predicting overall survival time (Harrell's c-statistic and IBS) were also calculated (Table 3) . See Figure 3A and B for time-dependent ROC curves for overall survival. The Harrell's c-statistic was similar for the physician (0.65), the Chicago model (0.66), and the average of the Chicago model and physician (0.69). Similarly, physician estimates had the highest (worst) IBS (0.148); the mean of the physician and model estimate had the lowest (best) (0.140).
DISCUSSION
The inaccuracies of physicians and patients in predicting LE are well-established, and prognostic models are a promising approach, with numerous models and calculators having been developed (http://eprognosis.ucsf.edu/). 20 An important limitation of these models is that they are always developed using data from past observations, and therefore are the results of the historical timing of diagnosis, natural history of disease, and effects of past treatments, all of which evolve over time. Given the limitations of both physicians and these models, it is critical to examine how their predictions may actually be used in real clinical situations. Our study provides insight into how a simulation model of LE in older patients with diabetes performs in a specific patient population and how this model's predictions compare to, interact with, and supplement the judgment of physicians.
Predictions of LE made by physicians are admittedly subjective, and we did not systematically examine whether a physician's experience or f. Physician's answer on a patient-specific questionnaire to the question, ''How many years do you estimate that this patient will live?'' The physician's answer to this question was converted to a binary indicator of predicted five-year mortality when the answer to this question was 5 years or less. g. Chicago model generates a point estimate of the patient's LE which is turned into a binary indicator of 5-year mortality when it was equal to 5 years or less. h. Average model takes the mean of the point estimates generated by the physician and the Chicago model and uses this as its predictor. The average model is also converted into a binary indicator of predicted 5-year mortality when the average is equal to 5 years or less. i. ''And'' model predicts 5-year mortality when both the physician and the Chicago model predict 5-year mortality. j. NA = not applicable. Performance metrics for overall survival time cannot be computed for these models because they generate a binary classification of limited LE rather than a point estimate of LE. k. ''Or'' model predicts 5-year mortality when either the physician or the Chicago model predict 5-year mortality.
expertise was correlated with prognostic accuracy in this study. However, physicians have access to other information that may be critical for predicting LE, such as a patient's resilience or social support, that are harder to operationalize as model inputs.
When we compared their estimates to the Chicago model, which is a relatively complex microsimulation model that accounts for multiple clinical domains as well as comorbidity and functional impairment, we did not find substantial differences in predictive performance for 5-year mortality or survival duration. Both methods of LE prediction had relatively low sensitivity, somewhat higher specificity, and had similar c-statistics for predicting 5-year mortality. While the different combination models we evaluated varied in their predictive performance, they had modest predictive power at best, and point toward deficiencies in what we know about prognosis. However, the improved performance of the ''Or'' model with respect to sensitivity and the average model with respect to the c-statistic suggest that physician and model estimates may be best used in concert rather than independently. At present, we suspect that physicians do not frequently differentiate diabetes goals and treatments based on prognosis. We have previously found, in our own practice, that glycemic control levels are nearly identical for older patients with different health status based on physician observations and that the sickest patients are on the most intensive regimens. 32 The tendency of physicians to not alter their actions in response to relevant information, or status quo bias, 33 may lead to overtreatment of patients unlikely to benefit from intensive therapy or at high risk for adverse events, [34] [35] [36] as well as undertreatment of patients likely to benefit from intensive therapy. If physicians were consistently provided with prognostic information at the point of care, they might be able to overcome status quo bias and make clinical decisions more tailored and in tune with the health status and trajectory of individual patients. Within the context of this study, in the two thirds of patients for whom the physician and Chicago model predictions were concordant, the model could have helped confirm the physician's intuition and treatment plan. However, for the one third of patients for whom predictions were discordant, the physician faces a dilemma of how to use the new information provided by the model-ignore it, adopt it, or somehow incorporate it. In this study, both types of discordance resulted in about a one third chance of 5-year mortality. If a physician's prognostication can be used in tandem with external prediction, it may lead to increased accuracy of LE prediction and increase willingness to consider prognostic models. This study utilizes a unique data set of LE estimates from physicians made on an individualpatient basis to externally validate the predictive performance of a simulation model compared to the physician's ''off-the-cuff'' estimate. Limitations of this study include that subjects received care at a single academic medical institution (University of Chicago Medicine) and that the prognostic abilities of physicians may not be representative of physicians elsewhere. Patients are also largely drawn from a specific demographic and socioeconomic group (mostly African Americans residing in Chicago's South Side) distinct from the populations used to create the model; the same exercise in another population might look different. Last, the Chicago model does not yet incorporate updated estimates of diabetes complications and mortality, 37 which may better reflect current diabetes care practices.
Despite the proliferation of new recommendations to incorporate LE into medical decisions, including whether to prescribe medications, 38 undergo cancer screenings, 39 and refer patients to hospice care, 13 the controversies and challenges of estimating prognosis in clinical practice have been infrequently studied. Predicting the LE of patients with acute conditions and short survival horizons remains difficult, and LE prediction may be even more difficult in older patients with chronic conditions like diabetes, in which long survival horizons are possible. 40 Advances in health information technology and the increased presence of computers in primary care settings have led to experimentation with real-time decision support tools integrated into electronic medical records. 41 In the near future, LE estimates from prognostic models could be similarly integrated and referenced during clinical encounters. The modest performance of the Chicago model provides evidence for the need to develop and validate a more contemporary model of diabetes complications that reflects the diversity of the United States. Even with the limitations of current data sources, our results suggest that prognostic models have the potential to complement and support physicians as they work with patients to make complex decisions about chronic disease management at advanced ages.
